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sPHENIX: A fantastic* high-rate capable detector at RHIC IP8, built around the former 
BaBar 1.5 T superconducting solenoid, with full electromagnetic and hadronic calorimetry 
and precision tracking and vertexing, with a core physics program focused on light and 
heavy-flavor jets, direct photons, Upsilons and their correlations in p+p, p+A, and A+A to 
study the underlying dynamics of the QGP – physics delivered by 22 weeks of Au+Au, 10 
weeks each of p+p and p+A (@ 200 GeV). 
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sPHENIX in one plot

How does the QGP evolve along with the parton shower? The Physics Case for sPHENIX
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Figure 1.18: Scale probed in the medium in [1/fm] via high energy partons as a function of the local
temperature in the medium. The red (black) curves are for different initial parton energies in the
RHIC (LHC) medium.
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Initial hard scattered parton virtuality in units of 1/fm as 
a function of the local temperature of the QGP medium 
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Nagle, and P. Romatschke, EPJC, 
75:15 (2015)

Vacuum virtuality evolution initially, with medium 
influence becoming significant as virtuality of 
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sPHENIX reach exploits RHIC luminosity
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for measurements able to use full vertex range  
– can sample 0.6 trillion events



RHIC luminosity: more differential measurements

6statistical uncertainties based on sPHENIX run plan
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RHIC/LHC measurements in 2020s

10 102 103 

R A
A 

X+
Je

t  

b Jets 

B Mesons 

D Mesons 

Hadrons 

Jets 

Double b-Tag (pT,1) 
Z0+Jets (pT

Z) 

γ+Jets (pT
γ) 

Dijets (PT,1) 
Ensemble-based 
measurements 
and x+hadron 
correlations 

add low pT reach 

RHIC Today RHIC Tomorrow LHC Today LHC Tomorrow 

pT [GeV/c] 

7



RHIC User Meeting  June 9, 2016 
23 

RHIC / LHC Timeline 
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Many sPHENIX developments since last PAC

• DOE NP long-range plan 

• sPHENIX Project  

• sPHENIX Scientific Collaboration
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1. Summary and Recommendations

in some cases, we are only now poised to reap the 

benefits of these initiatives. In other cases, anticipated 

upgrades were achieved at a small fraction of the cost 

estimated in 2007, and we are harvesting the benefits 

earlier than expected. All of our current four national 

user facilities, the Continuous Electron Beam Accelerator 

Facility (CEBAF), the Relativistic Heavy Ion Collider 

(RHIC), the Argonne Tandem Linac Accelerator System 

(ATLAS), and the NSF-supported National Supercon-

ducting Cyclotron Laboratory (NSCL), were significantly 

upgraded in capability during this period. A fifth national 

user facility, the DOE-supported Holifield Radioactive Ion 

Beam Facility, was closed down. Care was always taken 

to leverage U.S. investments in an international context 

while maintaining a world-leadership position.

Here are the recommendations of the 2015 Long Range 

Plan.

RECOMMENDATION I

The progress achieved under the guidance of the 2007 
Long Range Plan has reinforced U.S. world leadership 
in nuclear science. The highest priority in this 2015 Plan 
is to capitalize on the investments made.

 ! With the imminent completion of the CEBAF 12-GeV 

Upgrade, its forefront program of using electrons to 

unfold the quark and gluon structure of hadrons and 

nuclei and to probe the Standard Model must be 

realized.
 ! Expeditiously completing the Facility for Rare 

Isotope Beams (FRIB) construction is essential. 

Initiating its scientific program will revolutionize our 

understanding of nuclei and their role in the cosmos.
 ! The targeted program of fundamental symmetries 

and neutrino research that opens new doors to 

physics beyond the Standard Model must be 

sustained.
 ! The upgraded RHIC facility provides unique 

capabilities that must be utilized to explore the 

properties and phases of quark and gluon matter in 

the high temperatures of the early universe and to 

explore the spin structure of the proton.

Realizing world-leading nuclear science also requires 

robust support of experimental and theoretical research 

at universities and national laboratories and operating 

our two low-energy national user facilities—ATLAS and 

NSCL—each with their unique capabilities and scientific 

instrumentation.

The ordering of these four bullets follows the priority 

ordering of the 2007 plan.

RECOMMENDATION II

The excess of matter over antimatter in the universe is 

one of the most compelling mysteries in all of science. 

The observation of neutrinoless double beta decay 

in nuclei would immediately demonstrate that neutrinos 

are their own antiparticles and would have profound 

implications for our understanding of the matter-

antimatter mystery.

We recommend the timely development and 
deployment of a U.S.-led ton-scale neutrinoless 
double beta decay experiment.

A ton-scale instrument designed to search for this as-yet 

unseen nuclear decay will provide the most powerful 

test of the particle-antiparticle nature of neutrinos ever 

performed. With recent experimental breakthroughs 

pioneered by U.S. physicists and the availability of deep 

underground laboratories, we are poised to make a 

major discovery.

This recommendation flows out of the targeted 

investments of the third bullet in Recommendation I. It 

must be part of a broader program that includes U.S. 

participation in complementary experimental efforts 

leveraging international investments together with 

enhanced theoretical efforts to enable full realization of 

this opportunity.

RECOMMENDATION III

Gluons, the carriers of the strong force, bind the quarks 

together inside nucleons and nuclei and generate nearly 

all of the visible mass in the universe. Despite their 

importance, fundamental questions remain about the 

role of gluons in nucleons and nuclei. These questions 

can only be answered with a powerful new electron ion 

collider (EIC), providing unprecedented precision and 

versatility. The realization of this instrument is enabled 

by recent advances in accelerator technology.

We recommend a high-energy high-luminosity polarized 
EIC as the highest priority for new facility construction 
following the completion of FRIB.

The EIC will, for the first time, precisely image gluons in 

nucleons and nuclei. It will definitively reveal the origin 

of the nucleon spin and will explore a new quantum 

chromodynamics (QCD) frontier of ultra-dense gluon 

4

1. Summary and Recommendations

in some cases, we are only now poised to reap the 

benefits of these initiatives. In other cases, anticipated 

upgrades were achieved at a small fraction of the cost 

estimated in 2007, and we are harvesting the benefits 

earlier than expected. All of our current four national 

user facilities, the Continuous Electron Beam Accelerator 

Facility (CEBAF), the Relativistic Heavy Ion Collider 

(RHIC), the Argonne Tandem Linac Accelerator System 

(ATLAS), and the NSF-supported National Supercon-

ducting Cyclotron Laboratory (NSCL), were significantly 

upgraded in capability during this period. A fifth national 

user facility, the DOE-supported Holifield Radioactive Ion 

Beam Facility, was closed down. Care was always taken 

to leverage U.S. investments in an international context 

while maintaining a world-leadership position.

Here are the recommendations of the 2015 Long Range 

Plan.

RECOMMENDATION I

The progress achieved under the guidance of the 2007 
Long Range Plan has reinforced U.S. world leadership 
in nuclear science. The highest priority in this 2015 Plan 
is to capitalize on the investments made.

 ! With the imminent completion of the CEBAF 12-GeV 

Upgrade, its forefront program of using electrons to 

unfold the quark and gluon structure of hadrons and 

nuclei and to probe the Standard Model must be 

realized.
 ! Expeditiously completing the Facility for Rare 

Isotope Beams (FRIB) construction is essential. 

Initiating its scientific program will revolutionize our 

understanding of nuclei and their role in the cosmos.
 ! The targeted program of fundamental symmetries 

and neutrino research that opens new doors to 

physics beyond the Standard Model must be 

sustained.
 ! The upgraded RHIC facility provides unique 

capabilities that must be utilized to explore the 

properties and phases of quark and gluon matter in 

the high temperatures of the early universe and to 

explore the spin structure of the proton.

Realizing world-leading nuclear science also requires 

robust support of experimental and theoretical research 

at universities and national laboratories and operating 

our two low-energy national user facilities—ATLAS and 

NSCL—each with their unique capabilities and scientific 

instrumentation.

The ordering of these four bullets follows the priority 

ordering of the 2007 plan.

RECOMMENDATION II

The excess of matter over antimatter in the universe is 

one of the most compelling mysteries in all of science. 

The observation of neutrinoless double beta decay 

in nuclei would immediately demonstrate that neutrinos 

are their own antiparticles and would have profound 

implications for our understanding of the matter-

antimatter mystery.

We recommend the timely development and 
deployment of a U.S.-led ton-scale neutrinoless 
double beta decay experiment.

A ton-scale instrument designed to search for this as-yet 

unseen nuclear decay will provide the most powerful 

test of the particle-antiparticle nature of neutrinos ever 

performed. With recent experimental breakthroughs 

pioneered by U.S. physicists and the availability of deep 

underground laboratories, we are poised to make a 

major discovery.

This recommendation flows out of the targeted 

investments of the third bullet in Recommendation I. It 

must be part of a broader program that includes U.S. 

participation in complementary experimental efforts 

leveraging international investments together with 

enhanced theoretical efforts to enable full realization of 

this opportunity.

RECOMMENDATION III

Gluons, the carriers of the strong force, bind the quarks 

together inside nucleons and nuclei and generate nearly 

all of the visible mass in the universe. Despite their 

importance, fundamental questions remain about the 

role of gluons in nucleons and nuclei. These questions 

can only be answered with a powerful new electron ion 

collider (EIC), providing unprecedented precision and 

versatility. The realization of this instrument is enabled 

by recent advances in accelerator technology.

We recommend a high-energy high-luminosity polarized 
EIC as the highest priority for new facility construction 
following the completion of FRIB.

The EIC will, for the first time, precisely image gluons in 

nucleons and nuclei. It will definitively reveal the origin 

of the nucleon spin and will explore a new quantum 

chromodynamics (QCD) frontier of ultra-dense gluon 

5

The 2015 Long Range Plan for Nuclear Science

Reaching for the Horizon

fields, with the potential to discover a new form of 

gluon matter predicted to be common to all nuclei. 

This science will be made possible by the EIC’s unique 

capabilities for collisions of polarized electrons with 

polarized protons, polarized light ions, and heavy nuclei 

at high luminosity.

The vision of an EIC was already a powerful one in the 

2007 Long Range Plan. The case is made even more 

compelling by recent discoveries. This facility can 

lead to the convergence of the present world-leading 

QCD programs at CEBAF and RHIC in a single facility. 

This vision for the future was expressed in the 2013 

NSAC report on the implementation of the 2007 Long 

Range Plan with the field growing towards two major 

facilities, one to study the quarks and gluons in strongly 

interacting matter and a second, FRIB, primarily to study 

nuclei in their many forms. Realizing the EIC will keep 

the U.S. on the cutting edge of nuclear and accelerator 

science.

RECOMMENDATION IV

We recommend increasing investment in small-scale 
and mid-scale projects and initiatives that enable 
forefront research at universities and laboratories.

Innovative research and initiatives in instrumentation, 

computation, and theory play a major role in U.S. 

leadership in nuclear science and are crucial to 

capitalize on recent investments. The NSF competitive 

instrumentation funding mechanisms, such as the 

Major Research Instrumentation (MRI) program and 

the Mathematical & Physical Sciences mid-scale 

research initiative, are essential to enable university 

researchers to respond nimbly to opportunities for 

scientific discovery. Similarly, DOE-supported research 

and development (R&D) and Major Items of Equipment 

(MIE) at universities and national laboratories are vital 

to maximize the potential for discovery as opportunities 

emerge.

These NSF funding mechanisms are an essential 

component to ensure that NSF-supported scientists 

have the resources to lead significant initiatives. 

These programs are competitive across all fields, and 

an increase in the funds available in these funding 

mechanisms would benefit all of science, not just nuclear 

physics.

With both funding agencies, small- and mid-scale 

projects are important elements in increasing the agility 

of the field to react to new ideas and technological 

advances. The NP2010 Committee report also made 

a recommendation addressing this need. With the 

implementation of projects, there must be a commitment 

to increase research funding to support the scientists 

and students who will build and operate these projects 

and achieve the science goals. Close collaborations 

between universities and national laboratories allow 

nuclear science to reap the benefits of large investments 

while training the next generation of nuclear scientists to 

meet societal needs.

NSAC is asked to identify scientific opportunities and 

a level of resources necessary to achieve these. So, 

except for the largest-scale facilities, projects named 

in this report are given as examples to carry out the 

science. The funding agencies have well-established 

procedures to evaluate the scientific value and the cost 

and technical effectiveness of individual projects. There 

is a long-standing basis of trust that if NSAC identifies 

the opportunities, the agencies will do their best to 

address these, even under the constraints of budget 

challenges.

INITIATIVES
A number of specific initiatives are presented in the 

body of this report. Two initiatives that support the 

recommendations made above and that will have 

significant impact on the field of nuclear science are 

highlighted here.

A: Theory Initiative

Advances in theory underpin the goal that we truly 

understand how nuclei and strongly interacting matter 

in all its forms behave and can predict their behavior in 

new settings.

To meet the challenges and realize the full scientific 

potential of current and future experiments, we require 

new investments in theoretical and computational 

nuclear physics.

 " We recommend new investments in computational 

nuclear theory that exploit the U.S. leadership in 

high-performance computing. These investments 

include a timely enhancement of the nuclear physics 

contribution to the Scientific Discovery through 

Advanced Computing program and complementary 

efforts as well as the deployment of the necessary 

capacity computing.
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2. Quantum Chromodynamics: The Fundamental Description of the Heart of Visible Matter

describe quark and gluon interactions, the emergent 

phenomenon that a macroscopic volume of quarks and 

gluons at extreme temperatures would form a nearly 

perfect liquid came as a complete surprise and has 

led to an intriguing puzzle. A perfect liquid would not 

be expected to have particle excitations, yet QCD is 

definitive in predicting that a microscope with sufficiently 

high resolution would reveal quarks and gluons 

interacting weakly at the shortest distance scales within 

QGP. Nevertheless, the d/s of QGP is so small that there 

is no sign in its macroscopic motion of any microscopic 

particlelike constituents; all we can see is a liquid. To this 

day, nobody understands this dichotomy: how do quarks 

and gluons conspire to form strongly coupled, nearly 

perfect liquid QGP?

There are two central goals of measurements planned 

at RHIC, as it completes its scientific mission, and at the 

LHC: (1) Probe the inner workings of QGP by resolving 

its properties at shorter and shorter length scales. The 

complementarity of the two facilities is essential to this 

goal, as is a state-of-the-art jet detector at RHIC, called 

sPHENIX. (2) Map the phase diagram of QCD with 

experiments planned at RHIC.

This section is organized in three parts: characteriza tion 

of liquid QGP, mapping the phase diagram of QCD by 

doping QGP with an excess of quarks over antiquarks, 

and high-resolution microscopy of QGP to see how 

quarks and gluons conspire to make a liquid.

EMERGENCE OF NEAR-PERFECT FLUIDITY
The emergent hydrodynamic properties of QGP are 

not apparent from the underlying QCD theory and 

were, therefore, largely unanticipated before RHIC. 

They have been quantified with increasing precision 

via experiments at both RHIC and the LHC over the last 

several years. New theoretical tools, including LQCD 

calculations of the equation-of-state, fully relativistic 

viscous hydrodynamics, initial quantum fluctuation 

models, and model calculations done at strong coupling 

in gauge theories with a dual gravitational description, 

have allowed us to characterize the degree of fluidity. 

In the temperature regime created at RHIC, QGP is the 

most liquidlike liquid known, and comparative analyses 

of the wealth of bulk observables being measured hint 

that the hotter QGP created at the LHC has a somewhat 

larger viscosity. This temperature dependence will be 

more tightly constrained by upcoming measurements 

at RHIC and the LHC that will characterize the varying 

shapes of the sprays of debris produced in different 

collisions. Analyses to extract this information are 

analogous to techniques used to learn about the 

evolution of the universe from tiny fluctuations in the 

temperature of the cosmic microwave background 

associated with ripples in the matter density created a 

short time after the Big Bang (see Sidebar 2.3).

There are still key questions, just as in our universe, 

about how the rippling liquid is formed initially in 

a heavy-ion collision. In the short term, this will be 

addressed using well-understood modeling to run 

the clock backwards from the debris of the collisions 

observed in the detectors. Measurements of the gluon 

distribution and correlations in nuclei at a future EIC 

together with calculations being developed that relate 

these quanti ties to the initial ripples in the QGP will 

provide a complementary perspective. The key open 

question here is understanding how a hydrodynamic 

liquid can form from the matter present at the earliest 

moments in a nuclear collision as quickly as it does, 

within a few trillionths of a trillionth of a second.

Geometry and Small Droplets

Connected to the latter question is the question of 

how large a droplet of matter has to be in order for it to 

behave like a macroscopic liquid. What is the smallest 

possible droplet of QGP? Until recently, it was thought 

that protons or small projectiles impacting large nuclei 

would not deposit enough energy over a large enough 

volume to create a droplet of QGP. New measurements, 

however, have brought surprises about the onset of QGP 

liquid production.

Measurements in LHC proton-proton collisions, selecting 

the 0.001% of events that produce the highest particle 

multiplicity, reveal patterns reminiscent of QGP fluid flow 

patterns. Data from p+Pb collisions at the LHC give much 

stronger indications that single small droplets may be 

formed. The flexibility of RHIC, recently augmented by 

the EBIS source (a combined NASA and nuclear physics 

project), is allowing data to be taken for p+Au, d+Au, 

and 3He+Au collisions, in which energy is deposited 

initially in one or two or three spots. As these individual 

droplets expand hydrodynamically, they connect and 

form interesting QGP geometries as shown in Figure 2.9. 

If, in fact, tiny liquid droplets are being formed and 

their geometry can be manipulated, they will provide 
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at least partons within jets, are occasionally deflected 

by larger angles than would be the case if the liquid 

had no particulate structure on any length scale. Seeing 

such an effect will require precise measurements 

of modifications of the jet structure in angular and 

momentum space. It can be seen by selecting particles 

within a narrow range of momenta within a jet of a 

given initial energy and measuring how their angular 

distribution differs from that in jets in vacuum with the 

same initial energy. This program requires large samples 

of jets in different energy regimes, with tagging of 

particular initial states, for example, in events with a jet 

back-to-back with a photon. As Sidebar 2.5 indicates, 

the full power of this new form of microscopy will only be 

realized when it is deployed at both RHIC and the LHC, 

as jets in the two regimes have complementary resolving 

power and probe QGP at different temperatures, with 

different values of the length scale at which bare quarks 

and gluons dissolve into a nearly perfect liquid.

New instrumentation at RHIC in the form of a state-of-

the-art jet detector (referred to as sPHENIX) is required 

to provide the highest statistics for imaging the QGP 

right in the region of strongest coupling (most perfect 

fluidity) while also extending the kinematic reach at 

RHIC (as illustrated in Figure 2.13) to overlap that for 

jets at LHC energies. Upgrades to the LHC luminosities 

and detector and measurement capabilities are keys to 

providing a complete picture, as are new experimental 

techniques being developed to compare how light 

quark jets, heavy quark jets, and gluon jets “see” QGP. 

In general, using common, well-calibrated, jet shape 

observables in suitably tagged fully reconstructed jets at 

RHIC and the LHC will be critical to using the leverage 

in resolution and temperature that the two facilities 

provide in concert (see Sidebar 2.5) to relate observed 

modifications of jets to the inner workings of QGP.

OUTLOOK
The discoveries of the past decade have posed or 

sharpened questions that are central to understanding 

the nature, structure, and origin of the hottest, most 

nearly perfect form of liquid matter ever seen in the 

universe. Much remains to be learned about how the 

remarkable properties of this liquid change across its 

phase diagram and how they emerge from interactions 

of individual quarks and gluons. A program to complete 

the search for the critical point in the QCD phase

Figure 2.13: Future reach of four precision measurements via jets for 
probing the most strongly coupled liquid with sPHENIX, in color, 
compared to current measurements from RHIC where available, in grey. 

diagram and to exploit the newly realized potential 

of exploring QGP structure and properties at multiple 

length scales at RHIC and the LHC, enabled by targeted 

new experimental capabilities and critical advances on a 

range of theoretical frontiers, places key answers within 

reach.

2.3 Understanding the Glue That 
Binds Us All: The Next QCD 
Frontier in Nuclear Physics
Nuclear matter in all its forms—from protons and 

neutrons, to atomic nuclei, to neutron stars, to quark-

gluon plasma—is a teeming many-body system of 

quarks, antiquarks, and gluons interacting with one 

another via nature’s strongest force. In atomic, molecular, 

and condensed matter systems, where the electrically 

charged constituents interact by exchanging photons, it 

is not necessary to consider the photons themselves as 

important constituents of the matter. In sharp contrast, 

the force carriers in QCD—the gluons—are constituents 

that play a pivotal role in determining how the properties 

of nuclear matter emerge from the underlying theory

The difference arises because the gluons, in addition 

to being exchanged between quarks, possess the 

intrinsic property—color charge—that is responsible for 

the QCD interaction, while photons are free of electric 

charge. The gluons thus interact among themselves 

and can spawn more gluons or quark-antiquark pairs 

(sea quarks), a fundamental feature of QCD. The 

emergent interactions of quarks and gluons are, for 

example, responsible for the fact that massive neutrons 
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Immediately before last year’s PAC meeting
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John Harris as acting IB chair, institutions were asked to indicate their 
potential interest in the collaboration, leading to a first collaboration 

meeting at Rutgers in December 2015



sPHENIX Concept in the PHENIX Decadal Plan (charged by ALD Steve Vigdor): 
October 2010  

Original proposal http://arxiv.org/abs/1207.6378: July 2012  
(new superconducting solenoid & optional additional tracking)  

BNL Review (chaired by Tom Ludlam) of sPHENIX proposal: October 2012  

Updated sPHENIX proposal: October 2013


BNL Review (chaired by Sam Aronson) of “ePHENIX” LOI: January 2014 

“ePHENIX” White Paper (http://arxiv.org/abs/1402.1209): February 2014  

Future Opportunities in p+p and p+A with the Forward sPHENIX Detector 
(http://www.phenix.bnl.gov/phenix/WWW/publish/dave/sPHENIX/ 
pp_pA_whitepaper.pdf): April 2014  

Updated proposal, submitted to DOE: June 2014 (incorporation of Babar 
magnet and tracking)  

DOE Science Review: July 2014  

Updated Proposal http://arxiv.org/abs/1501.06197 : November 2014  

DOE Science Review (chaired by Tim Hallman): April 2015 – successful science 
review with no tracked recommendations 


sPHENIX pCDR: November 2015

Continues six-year history of development

An Upgrade Proposal from the PHENIX Collaboration
Original: July 1, 2012

Updated: October 1, 2013
Updated: June 19, 2014
Updated: November 19, 2014

sPHENIX preConceptual Design Report
October 27, 2015
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Concept for an Electron Ion Collider (EIC)
detector built around the BaBar solenoid

The PHENIX Collaboration
February 3, 2014
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Future Opportunities in p+p and p+A
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Institutions by the time of the Rutgers meeting“New%Detector”%InsOtuOons%
57% insOtuOons% signed% up:% Abilene% ChrisOan,% Augustana% College,% Banaras% Hindu%
University% (India),% Baruch% College,% CUNY,% BNL% and% BNL% (PHENIX),% UC4Davis,% UCLA,%
UCR,%Chonbuk%NaOonal%University% (South%Korea),% Colorado,%Columbia,% Joint%Czech%
Group% (Charles%University):% Prague%Czech% Technical%University,% Prague% InsOtute% of%
Physics,%Czech%Academy%of%Sciences%–%Prague;%University%of%Debrecen,%Florida%State,%
Georgia% State,% Howard% University,% Houston,% sPHENIX% (Hungary),% Illinois% –% U.C.,%
InsOtute%of%Nuclear%Research,%Russian%Academy%of% Sciences,%Moscow,% Iowa%State,%
University%of%Jammu%(India),%JAEA%(Japan%Atomic%Energy%Agency),%Korea%University,%
NaOonal%Research%Centre%“Kurchatov%InsOtute”,%Lehigh,%LLNL,%LANL,%Maryland,%MIT,%
Michigan,% NaOonal% Research% Nuclear% University% (Moscow% Engineering% Physics%
InsOtute),% Muhlenberg% College,% Nara% Women’s% University% (Japan),% New% Mexico%
State,% University% of% New% Mexico,% ORNL,% Ohio% University,% InsiOtut% de% Physique%
Nucléaire% d’Orsay,% Petersburg%Nuclear% Physics% InsOtute% (NaOonal% Research%Centre%
“Kurchatev% InsOtute”),% IHEP% (Protvino),% RIKEN/RBRC,% Rikkyo% University,% Rutgers,%
Stony%Brook,%Saint4Petersburg%Polytechnic%University,%Tennessee%4%Knoxville,%Texas%4%
AusOn,% Tokyo% InsOtute% of% Technology% (Tokyo% Tech,% TITech),% University% of% Tokyo%
(Center%for%Nuclear%Study),%InsOtute%of%Physics%4%%University%of%Tsukuba,%Universidad%
Técnica% Federico% Santa% María% 4% Valparaíso% (Chile),% Vanderbilt,% Wayne% State,%
Weizmann%InsOtute,%Yale,%Yonsei%University%(Korea).%

Nov%9410,%2015% sPHENIX%Project%Cost%and%Schedule%Review% 5%
13



Inaugural sPHENIX collaboration meeting 
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Inaugural sPHENIX collaboration meeting 

Rosi Reed (Lehigh) Sevil Salur (Rutgers)

Hosts
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Rutgers Univ. 
 December 2015



Second sPHENIX collaboration meeting May 2016
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Second sPHENIX collaboration meeting
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Food and discussion



Structure of the scientific collaboration

• Co-spokespersons (Roland, Morrison) 

• Institutional Board (58 institutions) 

• Executive Council – elections, appointments complete by late April 

• Topical groups – focus on specific observables to drive simulations 

• Jet structure (Dennis Perepelitsa (BNL), Rosi Reed (Lehigh)) 

• Heavy-flavor tagged jets (Jin Huang (BNL), Mike McCumber (LANL)) 

• Upsilon spectroscopy (Tony Frawley (Florida), Marzia Rosati (Iowa))

18



Executive Council

• Ed O’Brien (BNL) (ex officio) 

• Megan Connors (GSU) (junior) 

• Sarah Campbell (Columbia) (junior) 

• Tom Hemmick (Stony Brook) 

• John Lajoie (Iowa State) 

• Anne Sickles (UIUC)

• Bill Zajc (Columbia) 

• Joern Putschke (Wayne State)  

• Jamie Nagle (Boulder)  

• Huan Huang (UCLA) 

• Itaru Nakagawa (RIKEN)  

• Christine Aidala (Michigan)

19
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Director’s Review of sPHENIX Cost and Schedule
• November 9-10, 2015, committee includes BNL and 

outside experts 

• Based on information in the pCDR 

• HCal and EMCal unchanged 

• Reuse PHENIX silicon vertex pixel detector 

• Tracker assumed to come from outside funds 

• Base cost estimate reasonable; increase overall 
project contingency to 40%; bring tracker into project 
with its own $5M contingency

sPHENIX	Cost	and	Schedule	ALD	Status	Review	
November	9-10,	2015	
Brookhaven	National	Laboratory								
Review	Committee	
(*	=	subcommittee	chair)	
	
							Jon	Kotcher,	Chair	
	
							Project	Management	
		 	
	 Dmitri	Denisov	-	Fermilab	
	 John	Hobbs	–	Stony	Brook*		

	
							Cost	and	Schedule	
	
	 Bill	Freeman	-	Fermilab	

Xiaofeng	Guo	–	BNL*	
	 Penka	Novakova	–	BNL	
	
							Magnet,	Installation,	Integration	and	Decommissioning	
	
	 George	Ganetis	-	BNL	
	 George	Ginther	-	Fermilab	
	 Phil	Pile	–	BNL*	

	
Calorimetry	

	
Michael	Begel	–	BNL*	

	 Hong	Ma	–	BNL	
	 Mike	Tuts	–	Columbia	
	
							Tracking	
	
	 Graham	Smith	–	BNL*	
	 Gerritt	Van	Nieuwenhuizen	–	BNL	
	
							Electronics/Trigger/DAQ	
	
							 Chris	Bee	–	Stony	Brook*			
								 Hucheng	Chen	--	BNL	
	 	 	
	

! 3!

Project is insufficient at this stage.  We believe 40% to be a more accurate reflection of the stage 
of the project and the overall design maturity.  This results in a TPC of $70.4M TEC + $12.0M 
OPC = $82.4M in AY$.   This assumes all labor is costed at BNL rates, which the committee 
considers conservative.  The committee sees a number of opportunities for cost savings, some of 
which were identified by the Project that should be aggressively pursued as the project plan 
matures. 

The Project has not included the tracking detector on-project, and its cost is not included in the 
above estimate.  Outside sources are likely to play a significant role here – for example, Japanese 
collaborators have been pursuing the development of a silicon strip tracker – but these plans have 
not yet crystallized.  The committee believes that the U.S. is likely to play a sizable role in the 
realization of this device, regardless of the technology chosen, and considers $10M + 50% 
contingency = $15M a reasonable bound for the cost of the sPHENIX tracker.  The committee 
recommends that the tracking detectors be subsumed into the sPHENIX project plan, managed 
within the sPHENIX project, and that any outside contributions be treated as in-kind 
contributions as commitments are finalized.  

There are many exciting challenges ahead for sPHENIX.  A new collaboration is under 
development, with the first collaboration meeting planned for December 2015.  We believe that a 
highly engaged and robust scientific collaboration is a vital component of the sPHENIX project 
and physics program, and that all effort should be made to develop this collaboration, and its 
integration with the sPHENIX project, as quickly as possible.  
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Extensive pre-conceptual R&D relevant to sPHENIX

• EIC R&D:  

• eRD1 (calorimetry consortium – W/Sci-Fi EMCal) BNL, Caltech, JLab, 
IU, UIUC, IPN Orsay, Penn. St., TAMU, UCLA, Yerevan PI 

• eRD6 (tracking consortium – TPC) BNL, FIT, Stony Brook University, 
UVA, Yale 

• Current BNL program development funds targeted at tilted plate HCal 

• Current BNL LDRD targeted at SiPMs, TPCs 

• Anticipating news in July on LANL LDRD targeted at MAPS 

• Supporting efforts to obtain other funding – e.g. JSPS tracking proposal
22



Focused “workfests” and other events

HF tagged jets workfest 
(BNL)

Forward sPHENIX workfest 
(ISU)

MAPS cost and schedule 
workfest (LANL)

• Continues practice that was very productive 
in developing sPHENIX proposals 

• Invite outside experts when appropriate –
 e.g., discussion with ALICE & STAR experts 
on space charge distortion in TPC 

• Upcoming plans: two-day EMCal workfest in 
August, two-day test beam paper writing 
workshop, discussion with ALICE to gauge 
needs of sPHENIX TPC readout 23



SBU Machine Shop making parts for TPC

Walter Jeff

Lilly

Final Polish

24



Vera Loggins (UIUC)

Anne Sickles with UIUC crew at FNAL

scintillating fibers 
embedded in tungsten/

epoxy matrix

25



MAPS for precision microvertexing

Mike McCumber (LANL)

Following ALICE ITS upgrade developments closely, 
learning from real-world experience of STAR HFT – very 
useful discussions with Luciano Musa (CERN), Leo 
Greiner (LBNL), Flemming Videbaek (BNL).  

26



Low-field test of sPHENIX (née BaBar) solenoid

27

Physics, SMD and C-AD
Cooled to 4K, verified superconducting, 100 A = 260 G 

Preparations underway for high-field test (4600A)



steel plates, tilted with respect to beam axis

polystyrene with embedded wavelength shifting fiber

SiPM readout 

HCal



Electromagnetic Calorimeter Detector Design

Figure 5.4: Left: EMCal sector showing installation on the Inner HCal. Right: Mechanical
detail of an EMCal sector

stage of the project provides sufficient flexibility and possible options for the future.

The SPACAL blocks that were developed at UCLA are 2-tower blocks that are tapered in
one dimension (1D projective), as shown in the Figure 5.6. The procedure used at UCLA
to construct these blocks consists of the following steps:

1. Place 5 mesh screens together to form a flat stack

2. Drop fiber segments halfway through the screens to form a fiber/screen assembly

3. Separate the screens

4. Place the assembly into a mold, incrementally tilting the screens to produce the taper
in one direction

5. Pour W powder into the mold and vibrate to compact

6. Infuse epoxy into the W/fiber matrix using vacuum to insure uniformity

135

• Fibers threaded through screens

• Filled with Tungsten powder and epoxy

• Attach light guide 

• Moliere radius ~2.3 cm

• 1D and 2D Projective modules being explored

29
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Calorimeter system test at FNAL

120 GeV/c proton 
1-60 GeV secondary

30

Sean Stoll (BNL)
John Haggerty,  

Craig Woody (BNL)

Ron Belmont (Colorado) 
Jin Huang (BNL)



Early analysis of FNAL test beam results

Test beam momentum spread (3%) not yet unfolded in these results

Expect additional improvements as detailed tower-to-tower calibrations are finalized

Satisfies performance requirements

Simulation agrees well with early data results – enables refinement of design via simulation

work in progress

31

Combined EMCal + HCal

work in progress

Two component fit: 68%/√E ⊕ 12.9%



 

 
Nuclear and Particle Physics Directorate 

 

Building 510F 
P.O. Box 5000 

Upton, NY 11973-5000 
Phone 631 344-5397 

Fax 631 344-5820 
bmueller@bnl.gov 

 
Managed by Brookhaven Science Associates 

for the U.S. Department of Energy  

 
Memorandum 

 
From: Berndt Mueller 
To:  David Morrison, Gunther Roland 
Cc:  Ed O’Brien, James Dunlop 
Date: March 30, 2016 
 
 
Dear Dave and Gunther: 
 
In discussions since the November 2015 Cost and Schedule Review for sPHENIX, it has 
become clear that further work is needed to develop a plan for the construction of the 
sPHENIX detector within the constraints of possible DOE funding redirected from RHIC 
Operations.   
 
I have therefore requested that sPHENIX Project Management, in close collaboration with 
the sPHENIX Collaboration, develops a credible plan encompassing an option of baseline 
design scope, cost, and schedule that will allow the detector to be completed on schedule for 
data taking in the FY2022 RHIC run within the presently foreseen DOE funding profile, and 
that the sPHENIX Project Management present this plan to BNL management no later than 
May 31, 2016. The plan should maintain the 40% contingency requested by the cost and 
schedule review. This plan should not assume the availability of additional funding from 
non-DOE sources, but may describe which elements would be added to the baseline scope of 
sPHENIX if additional funding became available. 
 
I am aware that design scope choices will likely require making priority choices with respect 
to the scientific scope of the sPHENIX physics program. The sPHENIX collaboration 
and project management team should work closely in establishing these priority choices as 
needed.  I trust that you understand that the sole purpose of my request is to ensure the 
success of sPHENIX and its future science program. I will be happy to answer any questions 
you may have at our bi-weekly sPHENIX spokespersons meetings. 

Baseline scope, cost, 
and schedule charge to 
Collaboration from ALD

32
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the sPHENIX Collaboration, develops a credible plan encompassing an option of baseline 
design scope, cost, and schedule that will allow the detector to be completed on schedule for 
data taking in the FY2022 RHIC run within the presently foreseen DOE funding profile, and 
that the sPHENIX Project Management present this plan to BNL management no later than 
May 31, 2016. The plan should maintain the 40% contingency requested by the cost and 
schedule review. This plan should not assume the availability of additional funding from 
non-DOE sources, but may describe which elements would be added to the baseline scope of 
sPHENIX if additional funding became available. 
 
I am aware that design scope choices will likely require making priority choices with respect 
to the scientific scope of the sPHENIX physics program. The sPHENIX collaboration 
and project management team should work closely in establishing these priority choices as 
needed.  I trust that you understand that the sole purpose of my request is to ensure the 
success of sPHENIX and its future science program. I will be happy to answer any questions 
you may have at our bi-weekly sPHENIX spokespersons meetings. 

Baseline scope, cost, 
and schedule charge to 
Collaboration from ALD
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Process to address baseline scope charge

• Worked with Project Management to translate funding constraint in charge into 
something Collaboration could reason effectively about: 

• Reduce total project cost (TPC) by $6M to $75M 

• many elements in TPC – redirected BNL labor, contingency, overhead, 
escalation to AY$, and M&S (e.g., purchased items or non-BNL labor) – focus 
of charge is effectively M&S 

• equivalent to reducing $20M “discretionary” M&S by nearly $4M (FY16$, before 
contingency) – verified this understanding with ALD 

• Engaged collaboration to identify the compelling physics addressable within this 
constraint scenario. Topical groups organized simulations of physics performance.  
Extensive discussion at 2

nd
 sPHENIX Collaboration meeting May 2016.   

• Project Management worked up cost estimates for response document.
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Collaboration approach to baseline scope charge

• Focus on three main science drivers: jet structure, HF jets, Upsilon 
spectroscopy – established three corresponding Topical Groups 

• Cost reductions are relative to the pCDR detector, but with further simulation of 
VTX pixel performance, including known dead areas, and the operational 
experience with the VTX detector in the 2016 RHIC run, this configuration is not 
expected to provide acceptable performance for the sPHENIX science 
program.  

• Defined a reference configuration we believe would address physics in 
sPHENIX proposal (3-layer MAPS inner tracker, TPC, full calorimeter stack) to 
provide a performance target for buy-back discussion. 

• Strong consensus to prioritize tracking; consider effects of calorimeter 
acceptance and granularity; consider risk to schedule; potential for buying back 
capability (e.g., possible use of contingency, LDRD, or non-DOE funds)
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Addressing the Baseline Scope Charge

The sPHENIX Collaboration
June 6, 2016

reducing the depth of the outer HCal by one λint  


reduce eta coverage of inner and outer HCal 


don’t build inner HCal


larger EMCal towers


gang together 2x2 towers of EMCal


reduce eta coverage of EMCal


reduce TPC readout channels


reduce DAQ refresh


reuse existing beam-beam counter


don’t reuse VTX pixels


introduce 1- or 2-layer MAPS vertex detector

35

Collaboration used input from Topical Groups and 
Project Management to weigh pros and cons of many 

options and identify the “best worst-case” configuration.
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Collaboration used input from Topical Groups and 
Project Management to weigh pros and cons of many 

options and identify the “best worst-case” configuration.

Executive Summary

In this document the sPHENIX Collaboration answers a charge (see Appendix C) from BNL
ALD Berndt Mueller to develop a baseline design scope that provides a compelling physics
program within the constraints of possible DOE funding redirected from RHIC operations. This
document describes a reference design based on the calorimeter configuration in the sPHENIX
pCDR and a tracking system combining a MAPS (monolithic active pixel sensors)-based inner
tracker and a TPC (time projection chamber) outer tracker. We demonstrate the performance of the
reference configuration for a program focused on three science drivers: jet structure, heavy-flavor
jet production and U spectroscopy. We then provide a comprehensive list of de-scoping options
for the calorimeters and the inner and outer trackers. For each change we describe the associated
cost savings, the engineering and schedule impact based on estimates by the sPHENIX Project
Management team in consultation with the engineering team and subsystem experts at the level of
detail achievable in the time allowed. The physics impact of each de-scoping option is studied for a
focussed set of performance criteria related to the three science drivers, using simulations ranging
from generator level studies to full detector simulations. Based on the current status of these
studies, we develop a rank-ordered list of de-scoping options, to allow balancing of cost savings
and science performance. Two possible configurations that aim to optimize this balance are shown
as examples in Table 1, with cost savings shown relative to the sPHENIX pCDR configuration.

Table 1: Cost reduction scenarios identified by the scientific collaboration in consultation with the
project that signficantly reduce the M&S costs while preserving a compelling science program. Both
scenarios involve very serious cuts to detectors and represent very unfortunate degradations in
capability. Both scenarios have significantly worsened e/p separation, acceptance for Us and photons,
and suffer a longer time before reconstructed data would be available. Both scenarios identify a path
to restore capabilities should additional funding become available. The scenario on the left retains
the ability to identify displaced tracks, preserving HF-tagged jet capability. The scenario on the right
sacrifices even this key physics capability. Cost differences are in FY16 $M, relative to the sPHENIX
pCDR configuration.

Scenario A D Scenario B D

two-layer MAPS inner barrel +3.0 one-layer MAPS inner barrel +2.1
no reuse of VTX �0.2 no reuse of VTX �0.2
reduce TPC readout �0.5 reduce TPC readout �0.5
reduce EMCal segmentation �1.8 reduce EMCal segmentation �1.8
reduce EMCal h acceptance �2.0 further reduce EMCal h acceptance �2.2
reduce DAQ refresh �0.5 reduce DAQ refresh �0.5
reuse beam-beam trigger counter �0.5 reuse beam-beam trigger counter �0.5

Total �2.5 Total �3.6

i

(in $M)



Focus on tracking

MAPS TPC

ALICE: 	 	 60-250 cm

STAR: 	 	 50-200 cm

sPHENIX: 	 30-80 cm

comparative TPC radii

higher efficiency (98% vs 70-94%) 

longer staves (27cm vs 20cm) 

10+ year old silicon

benefit by ALICE commissioning

MAPS cf. VTX 
36



Physics performance impact Interference of calorimeter options

B.5.2 Offline event building

We expect that the proposed change of event-building strategy will not significantly affect the
physics performance for any of the benchmark measurements, although it will likely introduce an
additional latency in the initial offline reconstruction that remains to be evaluated.

B.6 Interference of calorimeter options
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Figure B.11: Jet response for low p

T

jets for four calorimeter configurations: nominal (black markers),
reduced EMCal acceptance (red), thinned outer HCAL (blue) and a combination reduced acceptance
EMCal and thinned outer HCal (green markers) for two different jet pseudorapidity regions: 0.5 <
|h| < 0.7 (left) and 0.7 < |h| < 0.9 (right)

Most of the de-scoping options discussed in this document can in good approximation be evaluated
independently and combined to achieve certain levels of savings and physics performance. This is
not the case when considering combinations of some of the HCAL and EMCal options with respect
to the jet reconstruction performance. This includes in particular:

• Thinning of the outer HCAl by ⇡ 20 cm

• Removal of the inner HCal

• Reduction of the EMCal acceptance to |h| < 0.6

Each of these options in essence removes about one interaction length from the calorimeter system.
Our simulations show that for a change by one interaction length the resulting change in calorimeter
response is comparable to the typical systematic uncertainties achieved in such measurements.
Combining two such changes in the same acceptance region however leads to a loss of energy
containment that significantly degrades performance. An example of this is shown for the combined
effect of outer HCAL thinning and reduced EMCal acceptance in Fig. B.11 (right), for jets with
25 < p

T

< 30 GeV/c and 0.7 < |h| < 0.9, which fall outside the reduced EMCal acceptance. While
the performance compared to the nominal configuration is acceptable for either the thinned outer
HCal (blue markers) or the reduced acceptance EMCal (red markers), the combination of both
changes, shown as green markers, leads to a jet energy response that is shifted by more than 10%
compared to the nominal configuration and a wide tail that will limit the accuracy with which
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Most of the de-scoping options discussed in this document can in good approximation be evaluated
independently and combined to achieve certain levels of savings and physics performance. This is
not the case when considering combinations of some of the HCAL and EMCal options with respect
to the jet reconstruction performance. This includes in particular:

• Thinning of the outer HCAl by ⇡ 20 cm

• Removal of the inner HCal

• Reduction of the EMCal acceptance to |h| < 0.6

Each of these options in essence removes about one interaction length from the calorimeter system.
Our simulations show that for a change by one interaction length the resulting change in calorimeter
response is comparable to the typical systematic uncertainties achieved in such measurements.
Combining two such changes in the same acceptance region however leads to a loss of energy
containment that significantly degrades performance. An example of this is shown for the combined
effect of outer HCAL thinning and reduced EMCal acceptance in Fig. B.11 (right), for jets with
25 < p

T

< 30 GeV/c and 0.7 < |h| < 0.9, which fall outside the reduced EMCal acceptance. While
the performance compared to the nominal configuration is acceptable for either the thinned outer
HCal (blue markers) or the reduced acceptance EMCal (red markers), the combination of both
changes, shown as green markers, leads to a jet energy response that is shifted by more than 10%
compared to the nominal configuration and a wide tail that will limit the accuracy with which
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reduced EMCal: |η| < 0.6 
thin OHCal: thinner by one λint 

each change shifts mean low 
appearance of low-side tail 

effects become pronounced 
with both changes 

LHC experience: dealing with 
jets that span substantial 
changes in detector material 
subject to large systematic 
uncertainties



Jet fragmentation biasPhysics performance impact Hadronic calorimeter changes

Figure B.1: (Left) Comparison of the jet response for three different HCal configurations: Nominal
outer HCal (black markers), outer HCal thinned by 20 cm (red markers) and no inner HCal (blue
markers). (Right) Comparison of the jet fragmentation bias for nominal (black markers) and thinned
outer HCal (240 cm outer radius, red markers).

a small loss in total energy containment for the thinned outer HCal configuration relative to the
nominal configuration, combined with a moderate increase in the number of jets for which less than
70% of the energy was reconstructed. Further studies showed that the change in the jet response
only has a small effect on reconstructing unfolded jet spectra, even when uing a Gaussian kernel
that ignores the increases low-energy tail. Removing the inner HCal has a significantly larger effect
on the mean and shape of the jet response.

Fragmentation function bias One expects that the thinned HCal configuration leads to the biggest
change in jet response for jets with high-z fragmentation products that are not contained in the
calorimeter system. To study this effect, we plot the average jet energy response hp

reco

T

/p

truth

T

i as a
function of the momentum fraction z carried by the highest p

T

charged fragment in Fig. B.1(right).
Even for the nominal HCal configuration, a dependence of the response on the hardness of the
jet fragmentation is seen, with a change of about 0.08 in hp

reco

T

/p

truth

T

i from softest to hardest
fragmenting jets. For the thinned HCal configuration, this increases to 0.11-0.13. We expect that
this additional bias would only lead to a moderate increase in the uncertainty of fragmentation
function ratios for Au+Au/p+p, as the increase is only about 50% of the bias already seen in the
nominal configuration, and present in both p+p and Au+Au events (i.e., only related to the single
particle containment).

B.1.2 Outer HCal shortening

For the shortened outer HCal (reducing the pseudorapidity coverage from |h| < 1.1 to |h| < 0.9), all
measured at the outer corner of the calorimeter) the expected impact is in the statistics of jet related
probes. The reduction in coverage will predominantly affect lower p

T

jets, as jets at the highest
p

T

have a narrow rapidity distribution that falls within the remaining acceptance. Figure B.2
shows the fraction of jets (left) and dijets (right) contained in the nominal calorimeter system as a
function of jet p

T

, obtained from generator level distributions. As expected, the fraction of fully
contained jets is lowest for low p

T

jets (which have a wider rapidity distribution) than for hight p

T
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electron identification. Studies of the effect on photon identification are ongoing.

Figure B.3: (Left) Jet response for the nominal calorimeter systems (black markers) and the calorimeter
system with ganged EMCal readout (green markers) for high p

T

jets. (Right) Ratio of the hadron
rejection factor as a function of electron efficiency between the ganged EMCal configuration and the
nominal EMCal configuration, for central Au+Au collisions. The ratio is shown for two pseudorapidity
regions and three particle momenta.

Effect on jet energy response Figure B.3(left) shows the energy response in the calorimeter system
for high p

T

jets for the nominal configuration (black markers) and the ganged EMCal configuration
(green markers). Ganging has no visible effect on this distribution, as the change in granularity
is small compared to the typical jet size and the total collected jet and background energies are
unchanged.

Figure B.4: For a 2 ⇥ 2 ganged EMCal (with inner HCal present) inclusive charged hadron rejection
is plotted on the left (right) as function of electron ID efficiency, for negatively (positively) charged
tracks of three choices of momentum and for middle and edge rapidity in 10% most central Au+Au
events.
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Reduced Υ acceptance with |η| < 0.6 EMCalPhysics performance impact EMCal

Figure B.5: (Left) U to e

+
e

� acceptance as a function of rapidity for the nominal (blue markers) and
|h| < 0.6 configurations, averaged over U p

T

. (Right) U to e

+
e

� acceptance as a function of p

T

for the
nominal (blue markers) and |h| < 0.6 configurations, averaged over h.

Figure B.6: (Left) Comparison of jet response for |h| < 0.5 jets for nominal (black markers) and
reduced acceptance (red markers) EMCal configuration. (Right) Comparison of jet response for
|h| > 0.5 jets for nominal (black markers) and reduced acceptance (red markers) EMCal configuration.

Change in jet response The effect of reducing the EMCal acceptance to |h| < 0.6 on the jet energy
response, p

reco

T

/p

truth

T

, was studied for low p

T

jets, where we expect the largest effect, for three
regions of jet pseudorapidity, |h| < 0.5 (Fig.B.6, left), 0.5 < |h| < 0.7 (not shown) and |h| > 0.7
(Fig. B.6, right). As expected, essentially no change is observed for the central rapidity region,
while for |h| > 0.7 a shift in the mean of several percent and the appearance of an enhanced low
response tail are apparent. Experience at LHC suggest typical best-case jet response uncertainties
of 2–3%. Assuming an uncertainty in the correction of the reduced response at large h of 50% or
better, the changed response compared to the nominal configuration will lead to a significant, but
still tolerable increase in unfolding uncertainties for jet spectra.

We also investigated the loss in statistics when requiring jets and dijets to be fully contained in the
reduced EMCal acceptance. The result is shown in Fig. B.7, to be compared with the acceptance for
the nominal configuration shown in Fig. B.2. One observes that for low p

T

dijets, this requirement
leads to a loss of dijet statistics by a factor of 2-3, depending on the selected jet radius parameter R.
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Looking forward with the Project

Project Schedule and Budget based on Review committee recommendations:


Tracker review 	 	 	 	 	 	 Sept 2016

CD-0	 	 	 	 	 	 	 Sept-Oct 2016

Director’s Cost and Schedule Review		 	 Late Fall 2016

Test Beam at FNAL (2nd round prototyping)	 	 Jan 2017	 

OPA-CD-1/CD-3a Reviews	 	 	 	 May-Jun 2017

CD-1/CD-3a authorization	 	 	 	 Nov  2017

Preproduction R&D and Design complete 	 	 May-Jun 2018

OPA-CD-2/CD-3b review	 	 	 	 May-Jun  2018

CD-2/CD-3b authorization	 	 	 	 Jul 2018

 

sPHENIX Installed, cabled, ready to commission	 Apr 2021

First RHIC beam for sPHENIX	 	 	 	 Jan 2022
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Outlook

• sPHENIX scientific collaboration now exists officially – organizing efforts to 
provide guidance on physics questions – topical groups were instrumental 
in developing response to recent ALD charge 

• Organizing a new “cold QCD” topical group to provide a target for current 
collaborators and potential new groups with interests in spin, forward and 
future EIC physics 

• sPHENIX project continues excellent progress – pCDR, advanced 
prototypes, test beam, preparations for high-field magnet test, tracking 
review, updated cost and schedule review 

• Collaboration is committed to building a world-class experiment with the  
capabilities needed to deliver the full suite of sPHENIX physics – the 
scientific questions remain extremely relevant 
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